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Cut—sc ores arc ~‘ommon1 y uscd in i n d u s t r i a l  pe r sonnel sel ection ,

.,cadcmic scie ction , mini m um competence certification testing , and

protessloiial 1i~. &’nsing, us i ng simple and multi ple—p erson/multiple—

~ob c.ttegorv dcc t~~ on paradigms . Previous approa~ hes have proposed

cut—sco re solutions in .i vii  icty of applications (Cross and Su , 1975;

Nc ’vick and L ind lc v , 1978 , 1979; Petersen , 1976; and Van der Linden

and Pte l lcnbcrgh , 1977) using threshold , normal ogive , linear and

discretc u t i l i t y  functi on s . This paper considers these results by

invcst igat lug ci ’nd  it ions on the posterior , likelihood and Utility

functions required for a cu t—score  to be v a l i d .  The re sul t  Is the

showing that cut—scores are appropriate in a wide range of applica-

tions , but they are less than universally appropriate. Following this

a general par adi gm and computational algorithm for cut—score

so~urions is developed under the assumption that the conditions for

.i cut—score have been satisfied .
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I itt i. i n l L t i  t I i l l

lii a Jet’ I ~ ~ot i  I)I’iib ln ’t it . .1 Il .i v e s t , i i i  li t ’ . .i I . t o l ~.tb l i t  v di ~t r t h t i t  t n ’i i

~1t’ e’ F the St  .1 I. e ot  t ia t  ure .Iutl a Ut 11 i t  v I u t i c  t i on  uvt ’ i a n t  I n .u t .  and . at  i ’s

A haves t a n  makes a dec i s  i on  liv itt . t ~. i n t i t u g  n’xpet ’tt’d ut i i i  cv. Appi tea t 10115

n~ t I l . tv ~’~. a n dec I s  h I l t  I lii ~~, V I o j i n ’ I  ~; n ’ t 1 l l t ’ I s, h ’c t  S i l l S  h ave , n c r t t (  Iv h, ’ t ’ t i

stud te~l by ( h i isS IIIII. I ~~ ~q i s) , %~ ‘~~‘ i n  k . i i t n I  1’~’t ‘ ‘ i s ~~ i t  iI9 7 s~), N it’ irk .iaid

I.II~ I 1ev ( PS / S . I ~~~~~~~~~~ P~~t ’ i  s i n  (I q/11 ) 
• l’ n t i ’t  ~.n ’ t t  . t i t t t  N t ’ v t t k  ( l~~7b~ and

Van der Lin den  anti Mi’ 11 enhergh 1977) . A l l  t ’x c  i ’ll t Nov t ck .iIttI 1.1 nd

( 1978 , 1979) assume ut  I l i t  v I t i n e  t i ens  .s I’ c t hrt ’sho 1~1 or  I i  nra r , and  t he

like I ihood I t ine  ions u sed a i t ’  .1 Iso I in it i’d. In I hit s p.ipc r we

stud y p&’ r s e n i i e  I dec is i on  p rob I ems us lug more gene ia 1 u c i i i  tv and l i k e  I i  —

hood I unc t ions.

In sect  ion one ci t h i s  paper we discuss the like Ii hood f un c t i o n s

and prior distribu ti ons Wi’ shall use. We show t h a t  t lie St  ocI i . t ~~t ~~‘

increasing (Si) p r o p e l ’ t v  t~~l I ’ the posterior d i s t r i b u t i o n  is a iii ’eessary and

sufficien t co n d i t i o n  I or  a c u t  — s~’o Fe I or an . 1 1 11  i t r . t l ’ v ut 11 it v I unction.

As a special cast’ , we s tu d s ’  l i k e l i h o o d  l u n d  io n s  sa t  i s f y in g

monotone likelihood r a t i o  ( I1LR) , a condit ion st tidied extensi yelv In

Karlin and R u h i n  (1°S6), Karl in (H”7n , P~57h ) .1.ehmaun (11)51)) and fleGroot

( 197 0) . We d e f i ne  t h e  m o n o to n e  p o s t e r ior  r a t i o  (MP R )  p r o p er t y  and show

that it impi l t’~ the stochast ica ~LlV increasing property thus it imp l i es

a cut—score 1 or an ~ rb l  t rary Ut  11 1 t v  I u n c t  ion . Wi ’ .11 so show that MLR

Imp l ies MPR w i t h  ,tnv p r i o r  ii i s t  r i ln i t  b i t

i n  SeCt  l O l t  J’WO We fl u t e  thzi t most pos t  ot’l r and predirtive .lensit Les

do not  Sat  is fv h it’ b~ R or SI propert h’s • but s~uiw I i... L l i t  ii.wortpnt eases

‘ t t t — ~~1o ~~i’s ~~e .ipp1 . r 1 i . ~~i p l o v i d e d  t ) i ~i t  1.lj~~ I lntt u.uL 1’~ut i~ mit  r e q u i r e d

in  t h e  t a i l s  o t  t h ~ h i s t r ibti t Ion . I n  I~, i I t  i 1 i ’ l , i r  Wi ~ I ,it’ .’ttih I v  ~‘t t * d v  the

I ’o st o r  for “r ‘ ci 1st r I ) 1 I U  L O l l  obtained with many h ayes ian norma l models.

I

~~~~~~~ 
k~
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In sec t  ion t h re e  we p r o v i d e  a very  genera l  mul  t I—person/

m u l t i — J o b  category paradigm appropri ate f o r  a wide  v a r i et y  se lec t ion ,

g u i d a n ce  and c l a s s i l i c . i t i o n  a p p l i c a t i o n s . By a s s u m in g  the  appropr ia te -

ne ss  n~ t c h i t  — s c o r es hi st ’t t  on I lie t h i t ’or v  .iiid r es t  r i t ’ t i t u s  of sect b i t  2

Wi’ are able to provide simp le computational algorithms for the general

parad igm .

in this paper , we use the following notation. We use N to denote

the total number of applicants. 0 is the parameter we are interested in

and T(x
1) is the test score of the ith applicant . A job performance

score i s denoted by y
1
. Iii one context we use A ,B,C R to represent

the names of jobs that have openings . UA (G) , U8(O), Uc(O) UR(O)

are the utilities of assigning an applicant with ability 8 to jobs

A ,B,C,... and R respectively. The expected utility of assigning

a person with test score T(x) to a Job , say A , is E(U
A

(O)) , which is a

function of T(x). The indicated expectation is with reêpect to the

Bayes d istribution for 0. We let VA
(T(x))

~ 
EOJA

(O)). This notation

emphasizes that V does not depend on 0. An optimal decision procedure

is a procedure that maximizes the sum of expected utilities of the

selec tion across all persons to be selected . In another context the

utility function is defined over the performance scores y. The utilities

are then U
A
(y),..., 1j

R~~~ 
and expectations are taken with respect to the

pos terior pred i’ctive distribution for y. All results are valid whether the

focus is on the unobservable ability (0) or the observable performance y.

— -.-‘-‘-- -‘- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ “— i- -
.-‘—-.~~~- ‘ —““ —



Like I t hood ~‘unc t  t on and Pi ’ m r  1)i st r I bu t  i~’it

Let t,1 be a pet-son ’s ab b i t t  v (or a measure ci p er f o r m an c e ) ,  and

1(x) be h i s  test scor e . It m.iv ii i ’ riasonab it . to  de~, I ri’ t l u . i t  It one

person has a ii i g h er  t e s t  score t han ano t bet t hen t be st . t t  I st i i’ al

analysis’ will prov ide some ev ide ’nce t hat t hi ’ I r s t  person ’s abil it y I

not less than t la ‘;~‘rond , a l l  ~‘l se b’’ t u g  i ’~ u .i1 . Thu s it may h i t ’ r easonable

to des ire t hat t i t ’ ~it ’a~t it  ii’s p (x ~ 1) have mon et  Out ’ lik e 1 thood ratio (MLR)

* 
Definttion I: The real parameter family of densities p(xIO ) is

said to have monotone likelihood ratio ii t h e r e  ‘~t i s ( s  a

real—valued fUflctiofl T(x) such that for any i
~~~ 

t t
, the l ikelihood

func t ions p (x ~ ~) and p sx 
~ 

a r t ’  distin ct and the rat in p (x  0 ,) / p ( x  0

is a non—decreasing function ot TI,x)  . The MIR condition i s  a p ar t  i c u l ar

t echn ica l  r e q u i r e m e n t  wh ich  i m p l i e s  t h a t  i n c r ea s i n g  v a l u es  of 1(x) w i l l

provide inc r t ’ , is i ng evidence I ron the likelihood t l i i  t I t
) is gr t ’at  er t han

when in f a c t  0 > 0

I t  can  he shown t h a t  t h~ e x p o n e n t i a l  I in i i v , (norma l , lu i nomia 1 ,

Poisson , exponent i i i  , e t c . )  and  some ot h e r  w i 111’l v used n I t  st  r t h u t  ions

have KLR. This i’ I l l i J ~~ n o n  Is  not s . l t i st  ted by all d i s t r i b u t i o n s  l e . g.

the pred  j e t  i vt ’  d i st I i bt i  j t i l i  o t S t u d e n t  ‘s t t ron linear r e g r e s s  i o n )

however, in such cases  i t  m .iv he e xc ep t  i c r  e xt r em e  v a l ue s  of  T ( x )

Monotone l i k e  I ihood ratio i s g en e r a l  lv  an easy cond i t ion to vet- i f v

From a dec i s I on t hec rv p oint c i  v i e w  • we i’OflS t~1er 0 as a random

v a r i a b l e  and d e f i n e  a s i m i l a r  r a t i o  m o n o t o n i t ’ i t v  c o n d i t i o n  fo r  such

d i s t r i b u t i o n s .

~~~~~



—~~~~- -~~~~~~~—~~~~~~~ .

S

Definition 2: lIti c l a s s  o f  p o s t e r i o r  densi t ies p( Ix ) i s  said t I p

have monotone p o s t e r i o r  r a t i o  U iI’R ) i t  t l i~’re ’ t \  i “1 5 .1 i~ ’ .i1 valued

f u n c t i o n  1 ( x )  SI l t  t ha t f o r  ‘1n~~
’ T ( x 1

) < T ( x 2
) Ilti ’ piistt ’r i cr  d i s t r i b u t i o n s

p ( O f T ( x 1
) )  and p ( O I T ( x . , ) )  are  d i s t i n c t  and t h e  ra t io p ( o I T ( x 2 ) ) / p h ’~~T(x 1

) )

is a non—decreasing function of 0.

We can see definition 2 is exac t lv the same is definition 1 except

the roles of 0 and 1(x) are exchanged . The suggestion here Is that for

~ pr ior dis t ribut ion, hig her values of T(x) will be suggestive of

higher values for 0 in the posterior distribution. The following lemma

t’st.i bl i st ic ’ s th i s condit L O l l  I c r  t I P R .

Lemma 1: Suppose p(t1) is~~~ y p rior distribution and f(x~0) has

MLR In the stat Isti c 1(x), then the posterior distribution p (ti~ x)

of 0 has MPR w i t h  S t a t  1st ic  1( x ) .

Proof: By defini tion p ( O I x )  ~~~(0) f ( x f O )
1 p ( 0 ) f ( x ~ 0 ) d 0

Then the posterior likelihood ratio is

p(01x
2
) 

= 
p(Eh)f(x

2~ 0) fp(0)f(x
1
j0)de

p(O~x1) jp(o)f(x
2
(o)do p(o)f(x1fO )

Jp( 0 ) f (x
11 0)dO f(x

2~
0)

Jp(0)f(x2J0)dO f(x
1
J0)

By defini tion of MLR , we know for any two

values 0
1 

< 0
2 

and T(x
1
) < T(x~) that

f (x
1 10 2

) f (X
210 2
)

f (x
110 1

) 
— f (x

210 1
)

f(x
210 1

) f(x
210 2
)

and thus
f(x

110 1
) f ( x

1 18 2)

— ~ ~~~~~~~~~~~~~~~~~~~~~ • a ’ ~’-~~~~_ ~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~
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SI  n e t ’ x 1 , x • i l
l 

, .i ud 0
2 

i i  i ’ a l l  I I ~ed W i ’  (‘ iii w i i t  i. t h i  s ~~~~

p~~0 1
, x 1 ) 

,, 
p ( 0 1 x )

p l o  p ( 0 ,~ 
~~~

•i ntl ~‘onc I ude’ t h a t  p ( x ) i t s  t i t o n ot  O u t ’ lito ;  I i ’! 10 ! t i C to.

In t h i s  pape r we g e n e r a l l y  use t he same p r i o r  d i  st  r ib u t  ion f o r

every app i h in t , Th i s  is a p p r o p r i a t e ’  when t h e  a p p l i c a n t s  have the

same k i n d  of  b a c k g r o u n d . i t  t he a pp i i  i a n  t s a F e  I tom d i i  f e r en t  group~

we m i g h t  U s c’ d i i i  e ’r en t p r i o r  d i s t  r i h u t  ion i c r  L i i i  a p p l i c a n t s  t r on p

d i f f e r e n t  groups .  The t cr c e  ci t h i s  l erirt i is t h a t  with id io t lt.i l p r i o r ’

distributions an orde r ing  on 1(x) produces the same o r d e r i n g  as would

an investigation of ’ p r o b a b i l i t y  r a t i o s  f r o m  t he  p o s t e r i o r  distribution.

While MLR and MPR are useful conditions , a weaker cond ition is

adequate for our p u r p o s e s .

- ______________________
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:~ , t  I s i t  ion  
~~

‘. ,•
~~L~~’’~t e r t . r  d ; ’a  i l’ut i~~’u i~

, ~~,i i i t  to s t i ’ ’ t t . t s t i c a l l y

is~ re ’asing (~~fl in rh~’ ‘ i ’ i ~~ ‘ t i 1 1’ ii !
~~~i
) ,~, T ( x , )

, i zi J i o r  : 1 1  0~~.~ h I ’ ,’ i (x
1

) ( ‘h ~ F
l (x )

I
~
t ) . w h e r e ’  t

z(x
1
)(t) and

, u t t ’ t hi p U ~~’I t I ~ , t t  i v ~’ ~cst i~~r d i t f i n S  c i  t h i  p I t p s e r v a t  ions

m d  l t \ ~) l i ’~~l ’ c’i t  ~V t ’I\ ’ ,

The theorem that tollow s is the foundation of this paper. We will

use properties of t h i s  t heo rem t h r o u g h o u t  t he  paper.

Theorem 1: l~ ’t i~~
( ’ ’)  h e ’ in a r hltiarv non—d t ’Lr e a s ing f u n c t i o n  of 0 , then

E ( g ( t t )  11(x) is a n o n — d e c r e a s i n g  f un c t ion  of 1(x)  ii and only ii

the nostertor distri~’ution ic c toc ’ l’a s tl ca l lv  i n c r e a s i ng  in T(x) .

Proof: We i irs n as sume t h a t  1’(x
1
) > T t , x , ) and for .ill Owe have F

1~ ~
(0)

‘x l ,
F
T(x,, ) iO ) - l’tcci cit  s u l  t i c  i cn c v  t hen  follows the argument given by Lehmann

( 1959 , p. 1l .~). We now e x l c ’it 2 t h i s  work and demonstrate necessity.

A ssu m e  t o r  a i t~ ’ g~ 0). l’ [g(tt~~T(x)) is a non—decreasing function of

T ( x )  - I n  part i c u l a r  we .tssume

= J -l i f

0 i f  o’~o

t h e n  F . [ g ( 0 )  jT (x )  1 
~T ( x )  (0 ) .

Thus when T(x
1
)
~~ T(x 2), we have _FT (x )(0)” -F1~~~~ (0 ),

In above 0* is .mnv ~~~~~ thus for any 0 and T (x
1
)’~ T(x 7) we have FT(x ) (0)

F
1() 

(0).

A p o s t er l o t~ d i s tr i b u t ion  s i t  i s f y i n g  MPR also s a t i s f i e s

SI. (t,t’himan~~’s proof for MLR requires only trivial modification for this

case .)  Thus we have t i uc  f o l l o w i n g  coro l la ry :

Coroll ary 1: Su ppose i ( ~~l 0 )  has i~~R wi th  i t a r i s t i c  ?(x)  and g ( 0)

is a non—decreasing func t I on ol’ t) . then E [g (0)~ T(x) J Is a non—

_ _  ‘
~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ .~ - ~~~~~~~~~~
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d ec r e a s i n g  f u n c t i o n  of T ( x ) .  ( S i m i l ar l y  if h t ( O )  is a non—increasing

f u n c t ion  of 0 , then l ’I h ( t1 )~ ‘r (x)  1 is a non— imi-r eas ing  f u n c t i o n  of T ( x ) )  -

In app lication g(O) will be a u tility function U(0) and we will refer

to this property as the monotone expected uti lity (MEU) property . The

*
fo r ce  of t h i s  c o r o l la ry  is t h a t  a cut—score (CS) x can be set is guaranteed .

*
For If 0 has MPR and 1(x9) cT(x ) T(x1

),

then Ets (0) i’(x~ )j  ~ E ( g ( u ’t T(x)1 ~ E(g(t)) 1 1(x1
)].

Thus , in summary, we have for an arbitrary utility function

MLR ~ MPR ~ Sl~~~ MElJ 1P- CS

Cut  Scores f o r  Sp e c i f i c  Models

The weakness In the theory of the previous section is that many

posterior distrib utions art’ not t-IPR or S I .  Spec i f ical l y in a w ide

range of app lications the posterior margina l distributi on will be ‘ t”.

The f o llow ing anal ysis demonstrates that these “ t ” distributions are

not SI or MPR and t h a t  t he  use of a cut—score is not necessarily

justified in all cases. 
- j

Cons ider the simp le linear regres sion model,

= .~ + OX + e

The va lue  a and 0 arc  r e s p e c t i v e l y t h e  i n t e r c e p t  and s lope  of the  l inear

regress ion  f u n ct i o n . y is the  pe r fo rmance  a b i l it y  and x Is the tes t

score which is the same as t in the previou s sections. Following the ‘1

4~~~~__~~~~~~~;,_,__ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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J e v 1  l~ip ~’s’!t : ci Pe~ t’rsen ( l’~’t ’I we’ , t — .~ ’ u e  I f i t  t h e  v a x  i a u t ’e of the r~ or

i s  i t O ~’iO ‘‘~ ~‘d ,u I t c • • -

x )  •

~r a l l  x - ~~~~ also a ~.;ume ’ I h i t  e’ is Iii’rma liv d i  ~‘t I i bu t  ed I or f i x e d  u ,

and x .

Suppose ’ that i ,d and ~~~ c i t  ~ ‘ ci i i  i t  ci m1~’ and indepeuident lv d i s t r i b u t e d .

~ i vt ’n  n pa i r s  ci ohst’t~’at ~ c’i~~5 (x ,v ’t th~ p o s t  t V  ior  p r e d i c t i v e’ d i s t rib u t  ion

v i c r  an app lican t with t h e ’ sc or e  X x~ hj s  a S t u d e n t  d i s t r i b u t i o n

~‘t ( n — 2  ‘I d is e’t’s f r e e d om , spec  i i  ica  l iv , (Nov ic k and Jackson , 1974)

t~ i V t ’U X • x

v — R+ ~ (x — i t ) ]
0 : t(n—2) (1)

~ 
n . l  (x - x )  1/~

Ft i , (x  —

- — 2 2 2 2
where x ~ x / n  y ~ v/ i i  ~i ~~(x — x ) , S • ~ (v — )

5xv — x)  (y — v ) , ~ — S / S ~ and s” • (S ” — S~~~/S~~) / ( n  — 2 ) .

Let y be the minimum level of satisfactory performance for a threshold

utilit y, t hen for .t given test score X = x
0 

the expec ted utility Is

E(U (v) 1x 0 1 P r ( Y  y~ x~ )

- 1-Pr 

- (~ + ~ 
(X ~~~~~~~~) ]  

(2)

s( 
“~ + 1 

+ ~~~ 
— 

~~ 

~1/2
n

where t is the s tandard  s tuden t  t variable with (n — 2) degrees of

freedom .

-~ -
~~~~~~ ~~ 

-
~~~~~

- --— ~~rg~
_ i
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To see t h a t t h e  p o s t e r i o r  p r e d i c t i v e  dis tribut i on of the student t

v a r i a b l e’ i n ( 1 )  I l C u ’ , n i t  i I , i Vi’ SI - l t ~ t

- ~~~~~ Iv + 0 ( x ~~- ~fl -

ii + I ( i t
0 

— i t) ’

sJ - - -  -f
i i  ~. ( x  — X )

E q u a t I o n  ( 2 )  shows t h a t  the expec ted ut i l i t y  increases as g(x0)

dec rease ’s - l t t e t e ’ t  ore , t h e  cu t  —sco re can be ’ set if E ( U ( y )  I x
0

) is a

d e c r e a s i n g  t u n c t i o n  of x 0 . T a k i n g  the  d e r i v a ti v e  of g (x 0
) we get

(x — it
’) -

— y) —fl —------ - — 1~ fl + 1

n
g (x

0
) ~‘ 

----_____________________________

x
0 

S~ 
_
~P—~~ ~ + 

~~~~~~ 

3/2

~ (x —

S e t t i n g  g ( x
0

) < 0 , we have
-
~ x

o

(x — x )
_ (y* — v) 0 

— 2 < 
~ 

~~ + 1
( x — x )  “ n

* — — n + 1 ::(x — x) (v — v)  (3)or —(y — y) (x
0 

— x)  — n 
- -

L 
as the condition r e q u i r e d  for a cut score. Consider

(I) y =  y , then (3) is equivalent to

0 < Z ( x  -x) (y — y )

In t h i s  case a cut  score can he set if the  cor rec t ed sum of cross products

(or the  s lope of the  r eg ress ion  l i n e)  is n o n — n e g a t i v e .  Now consider

*ii) y 
~ y then  (3)  becomes

~ 

— 
- 

n + l  • T (x-x)_ (y ,y~ fo r  y~~> y  (4)

-

~~~ 0 —  n y — y

and

~ + 
n + 1  - ~ (x . x ) (~~~ j~~ fo r  y~~<~~ (5)

0 —  n y - y

I
-—

.‘
.. ..— - . - - - - •, •-; —

‘ i_ ’_.,~~ t ‘~~ 
,~...1’i ~~~~ , - - ‘

~ “ cL ‘~~‘ 
‘
~~ ‘~~

~~~~~~~~~~~~ 
~, ~~~~~~~~~~~ ~~~~~~~~~~~ ~~~~~ ~~~~~~~~ i, , 1  — ~~~~~~~~~~~~~~~~~~~~~ 

— W”~~’
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Comb ining (i) and (ii) for any arbitrary threshold utility y ,  a

cut score can be set i t

— n + 1  F , ( x - x~~ y_-I) 
< x~~~~ x + n ~~ 1 ~( x -x )  ( y — y)

x — 

ty * - t I~ 
— >1

(6)

or — —

— n + 1 i : (x  - x ) (y — y)
I x o - x ~~ 

---

~~

--- 1y * -
(7)

The equation (7) can be expr essed as

_______ I~ 
— i_I < (n + 1) r (8)

where r is the sample correlation coefficient for (x,y) and

2 1/2 2 1/2
= ( s ~~~) 

and 5y (_ ~ Y— )
This shows that a cut—score can be set unless n Is small , r is small ,

*y Is distant from y and there are x values very distant from x,

This condition may be satisfied for some scores in the case of

high selectivity.

The 1968 data on college 7 for junior college test scores from

the American College Testing (ACT) Program will be used for the example.

The y variable is the first semester grade—point average (CPA) and the

predictor variable x is English test score. Since most colleges require

—

~

-

~

- -~ _ 1-._ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~~~~~~~~~~~~~~~~~~~~ ‘



a m m  m u m  2 .  00 ci ~ r ad uat  t o u t  we set v • .
‘ 

- O x ) - flit’ or I g ha  A dat a ~~u u I  a In

lOS obsr’r v a t  t o i m s  . I e ’m x lit ’ pu rpose  of t ht ’ exampi  e we ii icked the I i t  s

10 oh~ i ’t v . t t  l , ’tis . lot  u — 105 , ~ — 1Q , I ~~, ~ — 2 . 2 8 , 52 
— 2 7 6~~.l 3 ,

• 84. ~~~ — 0 — 0.08 5 , s • 0,79 and D — S4~~; f o r  n • 10,

it — .‘.‘ .l, v — ,‘.h6, 5’ — 140.9, S t .~~, S — 5 .54 , 0 0.0~9,x y xy

~‘ ~~~~~~ and P — 9,

nfl * (~~-x~~(v—v)I t - ,
0 V -V

S m n ~’t’ ( lie ’ t u n e , ’ f o r At ’!’ E n g l i s h  S t o m . ’~ i .  from 0 t o  1t~, f o r  n • 10” ,

t h e  ~ o m i d u t  h e i ~ ~n ~ S) Is sat i s t  i u d  f o t  a l l  x~~; therefore , a cut scoi~’ can

he’ s, ’t m a l t  t lie ’ e x p i ’e ’(~~ l m i t  t i l t  \ i s  an t m , -
~ ,‘as m n~ I IctI t l,m of t hit’ c - i

sco r e .  i-~~ - — :o , t h e  cc i t dtt ion in k ” ’)  i s  ~‘t o I a t e u i  t o t  ‘ ~~~ hee ’ i ’

si ’t t  En g  .i e’ i i t  ~ I I ’ t C is m l  i ’ : i sj l ’ l~ ’ . Tab le’ I ‘ i ’u ~ mm in s  (h e  valttc ~. e’~ t h.-

‘‘xpt ’i’ted m u t t  l i t  v f o x  i ’ t ,  h ‘_ am p le ’ tot — 0( ,‘~~ ~~~~~. Fo r  n — l0’~, i l i i ’

e’xpe~’ ted  ~m t xl i t v  is increasing in t e’st Sc o t, ’ x~~ ; however, I or n—It),

th e ’ expected utilit y increases antI then dccrease~ at x
0 

— 12. hlen ’e ~
t U t — 5 I I ’i  C ’ c : m u m n l ’t be m e t  —

I nse r t  TRI’le 1 ~~~ here

It is possible I t ’ trea t i more general e’ l R S 5  u t  u t i l i t y  ft r n e t i o u s

in pr ecisely tim e same way, Suppose that the ut ilit y of selec t ing a

person et abil ity ~ 
is a norma l ogive. I.et and I ’~~~ be the mean and

varian ce I r this ~‘g1ve so that

- U )
t ( v ’)  -~~~~ ~~~~~~~

0

~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -‘ 
~~~~‘~~~

_
.-
_
~
---
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I f  n i s  l a rge  the  t d i s t r i bu t i o n  in (1)  is app rox ima ted  by a norma l

variable with mean + ~~(x
0
- ~) and variance

+ l ) / n ] +  [(x 0 
- 

-)2/ E( -

The expected uti lity (Novick and Lindley, 1979) of selecting a person

with score x is then
-

I + F (x0 — x) —

fl’(~’) 
~~~~~~~~~~ 

2 +s”I(n ÷1) + 

(x
0 

— 

~~
2
1 

1/2

L

° L ~ ~~~x - ~~~)
2J

Fol lowing the techniques used previously, the condition for which the

cut—score can be set is

X~ j
~~~
j  r(n + 1) + r(o~

) 

2 
(9)

This result may be otnpared with (8 ) noting that in the special case F
— ~ the two expressions 

agree . For the previous examp le (n—lO) (9) viii be

satisfied prov ided co
>0.58. Threshold utility is a spec ial case of

r~innaI ogive utilitywtth o~~-0 and thus it is 
seen to be the “worst case”~

This may generally be true though we offer no proof for other ogival forms .

In a recent topical issue of the Journal of Educational Measurement

there was some controversy over the issue of whether or not the setting

of cut—scores was feasible, One paper (Class, 1978) was very

pessimistic , another was very optimistic (Hambleton , 1978). Others

were less firmly committed on this point. All of the discussions in

these papers seemed to be in the context of threshold uti ltty, though

it was not always apparent that a clear distinction was being made

*between the  m i n i m u m  criterion level 0 in threshold utility and the

*cu t — s c o r e  x in the observation space . Criticism (Glass, 1978) of attempts to

*specif y a threshold cut 0 seem valid as they are effectively criticisms

of t h r e s h o l d  u t i l i t y  which Novick and Lindley (1978) clearly suggest is

rio b e t t e r  t han  a f i r s t  rough approximat ion to a rea l i s t ic  u t i l i t y

f u n c t i o n .

~~~. ~~~~~~~~~~~~~~~~~~~ 
-
~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~-- ~

- -- --- .~~
-- -

~~
- -—
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The point of the pr es ent pa~~t’t is that cut. —scores  gene ra l ly  do

exist and can be rationally specified to the extent that utility functions

can he accura te ly spec if It ’el . They do not depend on the assumption i i i

t h r e s h o l d  u t i l i t y .  Onl y t h e  lesser  a s s u m p t i o n s  of monotone like lihood

ra t io , stochasth’ increase , or t im e ’  d e m o n s t r a t i o n  of monotone expected

u t i l i t y  loca l l y for  the particular likelihood , prior distributions and

utilities are needed . Thus a focus of work ought to be on the development

of coherent bias—free methods of assessing utilities. In this connection

a recent d iscussion by Novick , Chuang , and l)e’Ke’v rt-I (in press) seems relevant

The counter argument to this is that the utility of selection often

cannot be related to available criteria and that the more important

fac tors needed to be evaluated less formall y. Th is paper does not

contribute to the debate on this point but does argue that other problems

are manageable.

-..._•
& ‘ ‘ ‘ _

%,
, s’ . ’ _ •. ,.‘ ‘..,

- ~..l - - 
— ~~~ 

A.~~~~’
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—
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~~
- 

~
—
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Se ’ I e ’~’ t. ion  I ci a Si nI ~ It ’ ~t I d )  cat  e’gor y

In t i m  is s e c  I Ion we co i l ’ ;  m~ i i i  t h a t  t here’ ,ire N candidates app l ying

for one job category A , that has openings - We’ will stud y optinal

st’l e’e’t ion procedures for quota tr ee’ and restricted models -

Suppose job A h a ’, openings and let the u t i l i t y  of accept ing someone

with ability 0 he L I
A (tt ) and the u t i l i ty  of rejecting someone with ability

he tJ~~(0). In the case of personne l  s e l e c t  ions , t i m e  g r e a t e r  t he  a b i l i t y

of the candidate tht’ greater will he’ his value to potential employers .

We may assume that U~ (O) is  ii non—decreasing function of 0 and (l~~
(O) ~~

a non—increasing , constant , or more slowly increasing function of 0 than

U
A
(0) - Then the margina l u t I l i t y  of  select ion , 11 (0) — U~ (0) , is a

n o n — d e c r e a s i n g  f u n c t i o n  of i i .

Theorem 2: Under  t ime c o n d i t i o n s  of theorem 1. If  U (0) — U R (O) is

a non—decreas ing function of then there exists a cut—score T(x ) such

tha t

E(UA (0) T(x) I > E [ U
R
(0) T(x) ] f or T(x) > T(x *)

and

E [U
A

(0)  J T ( x ) J < E [ U R
(0) I T(x)j for T(x) <T(x*)

In extreme cases T(x*) may equal —~~ or +~‘

The above result is a special case of a theorem in Karlin and

Rubin (1956) . The proofs can be found in Lehnmann (1959, p. 74). The

impor tanc e of this theorem Is that the existence of cut—score is derived

rather than assumed . Thu s in the case of monotone posterior ratio

and monotone utility functions a cut score can always be used to maximize

u t i l i t y .

I

- 

- 
- - - _ _ _ _ _ _ _ _ _  

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~ 
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Theorem 2 shows that if the applican t ’s test score 1(x) Is greater

then T(x ) then the expected utility for acceptance is higher than

rejection (hence he should be accepted ). This is equivalent to saying

that the expectation of — u R (o) is non—negative , that is,

EIUA
(0)_ 

~~~~~ 
‘
~
‘(
~~) I L 0 for T(x) > T(x*).

S imilarly, we imav e

— tl
~~(IJ)I’1’ (x~ 1 .~ 0 fe)r T ( x )  ~ T(x *) -

*Therefore , the cut score T(x ) is the point at which

E(UA(0) 
— U~(o) I T (~ ) ) changes sign ; that is, E[U

A
(O) — U R

(O) I T(xfl
changes from nonpositive values to nonnegative values at T(x*).

In particular , if E[U~ (0) — 

~~~~~ 
1 1(x)) is continuous at 1(x ) then

EEU A
(O) - U~~(8) T (xfl— 0.

The following theorem shows that under our conditions, if we have two

applicants and exactly one opening we should accept the one with the

higher test score.

Theorem 3: Under the conditions of the theorem 1. If U
A

(O) U
R

(0)

is a non—decreasing function of 0 and T(x1) > r (x~~. ti- en

V (T(x
1
)) + V~~~ 1

))  > V
A
(T(x

j
)) +

where v
A

(T(x ))  E[U
A
(0)!T(x)J and V

R
(T (x)) 

~
E[UR(0)IT(x)]

Proof: By Theorem 1, E[U~ (O) — U
R
(0)JT(x)] is a non—decreasing

func t ion of T(x). Thus,

E[U
A
(e) — UR(0) T(,t~)1 F(UA

(O) — U
R
(0) I T(x ~~fl

so

VA
(T(x i

)) - V~~(T(x 1
) )  > V

A (T(x j
) )  - VR

(T(Xj
)) ,

them

V
A

(T(x
i) + V R

( T (x .) )  V
A

( T ( x
j

) )  + V
R
(T(xi)).

A ssitit ie ’ t h a t  t il t’ L&’~,t s or t ’ s  i N ~m pp l icai~ts are’ 1(x 1
), T(x 2) , . . .

- — - - -
~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - - - -
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w i t h o u t loss of g e n e r a l i t y  we can assume 1(x 1
) ‘ 1(x

2
) ,

I T(x N) For job category A we may have three situat ions:

(1) quota free’ , i.e., we may accept as many applicants as we want;

(~ ) we want to accept exactl1 N
A 

app lican ts where

(3) we want to accept at most N
A 

app licants where N
A

<N.

Note that if N
A N then (3) specializes to (1). The decision rules

for these case s ar e very s imple. From Theorem 2 there exists a cut—

score , say C , such that

v
A
(T(x))>v

R
(T (x )) for T(x) > C

and

V
A

(T (x ))  VR (T(x)) for T(x) < C

then

(a) The opt imal decision procedure for situation (1) is to accept

the i—th applicant if T(X
i) 

> C and reject him if T(x1)
< C.

(b) The opt imal decision procedure for situation (2) is to accept

those N
A 

app licants who have the highest test scores (i.e.,

accept those who have scores T(x1
), T(x

2
) ... T(xN ~~~~~~‘

A
(c) The optimal decision procedure for situation (3) is: if

T(xN )>C then accept the first N
A 

app licants , i.e., the

same as (b); if T(x
N 

) <C then we will accept applicants whose
A

scores are greater than C, I.e., the same as in (a).

Proof:
(a) is trivial , because we maximize our utility of assigning

each applicant ;thus we have max imum total utility .

(b) is a direct extension of Theorem 3. If we exchange our

decision about any two appl icants , we can see by Theorem 3

our total expected utility will not increase. Thus we have

opt i m a l  d e c i s i o n  p rocedu re .

— ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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(c) is a combination of (a) and (b) and we can see the proce.J~ire

is optima l immed iatel y.

Again we emphasize that this theorem is generally false in the

absence of SI but the use of a cut—score may be valid with reasonable

practice. We also note  t ha t  whi le  we assume U
A
(0) —

nondecreas ing lxi 0 we are not a ssun min g  tha t tim e der iv ;ml lye U~ (0) is

nondecreasing in 0 . In p a r t i c u l a r  the fo l lowing schematic is val id

and should be considered typ ical.

I

Figure 1 U
A
(0) — U R

(0)

II
- - 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



Se’ i e ’c t i I ’ll f o r  Mu I t  i p Ic  1~~h C m  t e’gor L’s

In this part we ’ consider that jobs A , B , C , - . - R have openings.

We’ also assum,’ tiIe ’ie ’ are N ;mpp l le ant s and the ut 11 it v of assigiming

se’nme ’cIxe’ with ah i l it~- il  t o  jobs A , B , C , - . - R ire ‘,,(O), UB
(0
~ -

respect iVe ’ l v .  In  gene ’ r , m I t he’se’ kInds of problems ,xre very di t I icu i t  . We

will consider an impox ant spec Li I case of the situat ion by assuming

> U’(~~ . . - L ’’ (-i~) t o r  a l l  t1 . (Wi,’ cam- I weaken this condition

by ~l S 5 U l W t i ’ - 1’
B~~~~

’ t
B~ 

— l’ .(O), -: ‘1R— I~~~ i
R

(t
~ 

are a l l

mion—decreas lug t un c t  i ons ci ~l 
‘
~ Au examp le  of t h m i s  spec Li I case may be

t h a t  job A is group l eader , job B is system anal yst , job C Is programmer

and job R is rejection . After st’vor,m l years experienc e a programmer may

he promoted to a system .mnalv st and a system analyst may be promoted to a

group leader. Thus jobs A ,B ,C , R may satisf y our conditions.

The foll owing theorem shows the existence of the multip le cut—scores ,

a r e su l t  in K a r l i n  and R u h i n  ( 1956) .

Theorem 4 . Under the  c o nd i t i o ns  of theorem 1. If  U A
(O )  — 1J

B
(0)

U~~(0)  — 

~~~~~~~~~ 
IT R_ l ( u1) — UR(’

’) are all non—decreasing functions of 0,

then there exists

— 
~ B 

- - — k — i  . i i t h  that

if  T ( x )  C
A 

then V
A

( T ( x ) )  
~~ 

(T(xY ~

if C
A 

T(~c) C
8 

then  V B ( T ( x ) ’) — V~ (1(x)) (10)

if C
8 

1(x) C
C 

then V
c(T(x)) 

— v~ (T(x )~)

if ~~~ 1(x) then V R ( 1( x ) ) —  V~~( T ( x ) )

where V~ (T (x )~ Max ~ V- (T (x)) \‘
R

(T(x ) ) , ., .,  V~ (T(x))~

- —~~~~L - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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F rom the above result we can see ’ very clearl y that ii we have’ an

app l i c a n t , then  we use C ,~, C
8

, . . .  C R _ i  as c u t - s c o r e s  and dec ide  to wh i ch

job to assign him . For cxamp le~ i f 1(x) - . C
A then we assign thç app licant

to  job  A . if CA 
-‘ 1(x) -‘ C

8 then we assign the applicant to job B . - . e’t~ -

I n t u i t i v e l y we ass ign  a person with higher score to a job that gives

higher marg inal utility (for example , job A). Generally we f ind that

C
A . 

C8,... CR_ i are distinct. Thus every job has a chance to receive

the  appl icant . The fo l lowing  theorem shows how to f ind CA,  CB,... , CR 1 .

- Its proof can be obtained by r epea t ed ly  app lying theorem 1.

Theorem 5: Under the condit ions of theorem 4. Assume

E(UA
(e) — 1 1(x ) ] ,  EIU

B
(13) — Uc(~

i) 1(x)],..., E(UR 1 (O) — UR(O) I 1(x)]
are continuou s functions of T(x), let

EIU~ (o) — 1
8

(0 )  I 1(x) — C
A ) — 0

K [IJ
8
(i1) — 1

~
i
c
(t)) T(x) — C8) — 0

(11)

— U~~(0) T(x) — CR_i ] — 0

If C~~>C 8> ,...CR_ l, then the equation (10) holds. Hence , CA , 
CB,...,CR l

are the cut—scores.

For the conditions CA ~
C
8 

“ ... 
~
CR l  in theorem S , if one of the

equalities is violated , then the correspond ing scores for the solutions

in (11) are not the cut- scol e’s. Suppose that there are only three jobs ,

A , 8, and C . Let C
A 

and C
8 

be the solutions of (11) such that C8
>C~ , •nd

let 
E!P

A
(O) — U

~
(0) T(x) — CAd 

— 0

(12 ’
~Then C B ’C AC~~~

CA and

if T(x~ then VA
(T(%x)’) - V~ ( 1(x ) )

if T (x~ ~ CAC t hen V
c

(T(x )) — V~ (1(x)).



—

2 1

I u’~ , , C , ~~ tIx ~ e ’~~u .i t ~~~ ( ) x~, th~- univ c u t  — - -~~~‘r e ’~ , m n j  job B

does not bjve a choi ce t o  tt ’Ce’ive any app 1 iejnt -

The e’oiij it ion I” () ( ‘~~ i i - . - .~~ (~ ) ~~ i the ,m it erimat iv e

— [~~~( t l~~ . V
1

l,~~ — L ’ , ( e . ) , ( t i ) —  tJ
R
(t l) ar’ all non—dccrt’.mNing

l’m i i t c t  i on s  o f  0 can be i’i,’ l a x e ’d t o  m m x c  1eid~ i l l m p o r t a l x t  add it i c i x a  I cau~’s.

Suppose that or -~ > ‘~~~ 1
A 

— 1’
~ ~~ ‘ is a pu s  i t  i ye’ tune Lion

ot 0 ; f o r  0
1~~t 0 11 . I’~~( r ~) — 

~~~~~~ is a posi t ive  function of 0,etc.

Suppose further tha t a mci i t ip Ic cut —score solution yields cut—scores

and C
B * 

then It iS cv i d e t i t  tha t the computed solution !s a v a l i d

solution . Tixus we see’ t hat time r ~‘~~ci ired monot on ic it v propert fes are

local rather t h a n  global properties.

The monoton i~’ it v assumption on utilit y d ifferences in the weaker

fo rm cons idered  abov e seems e m i n e n t l y reasonable  in both employment and

educational app lications. Consider an under lying “general ability ,0

and the occupational careers of phys icist (A), electrical eng ineer (B) ,

and electrician (C) . Then t h e  u t i l i t y  s tr u c t u r e  p i c tu r ed  in f i g u r e  2

may be valid ,

Insert Pigure 2 About Rare 

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
~~~~~~~~~~~~~~~~~~~~~~ _ _ _ _ _ _ _
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The f o l l o w i n g  examp le d e m o n s t r a t e s  the ’ use’ of cut—scores In

m u l t i p le job assigunments. Suppose there ’ arc’ three jobs. A , B and C

are a v a i l a b l e ’  and suppone ’ t h a t  t i m e  u t i l i t i e s  of jobs A , B , and C are

V
A

U
B ~~ ______

and

~~ v — 2U
C ~~ ~~ 3

Using the  1968 da ta  on col lege 7 of ACT scores given in section 2 ,

the expected u t i l i t i es  fo r  each job are given in column 2 to column 4 of

Table 2. Column 5 is the d i f f e r e n c e of column 2 and column 3, and

column 6 is the difference of column 3 and column 4. Column 5 and

column 6 change s ign a t x 30 and x 24 , respectivel y. The optimal

assignment is

rf x >30 ass ign app l i c a n t  to j o b  A.

If 30 x > 2 4  assign applicant to job B.

If 24 > x assign app licant to job C.

I n s e r t  Tab le  2 Near  h e r e

— - —_0~~ ~~~~~~~~~~~~~~~~~~~~~~~ - - -
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,-\~ .c l i i  eons i d , r a p i l L , m n t  s , imid  wit h o u t I ’ ; ~ ot  g e ’n e ’ ra l  i t v

xssmm n me t l i e ’ ~ t o t  ‘, i o , i t  I ‘1 i c ’ s  ‘l ’(x ‘t ‘l’ ( x , ‘m . - -
We may have’ the following situatio ns:

(i’m C~’ t a t r e ’e ’ or , i l  I j o h o , I _ i,’ . we ’ e’~x ix a c c e p t  a’; m any  ~mpp i icants

as w e’ w a n t  I o r  e a c h  j u t e .

( 2 )  We’ want to  accept exactl y N
A .

N
B I NC - . - N~ app l icants for jobs

A ,B ,C ,.. .R respect~~:e’1v . So in this case we assume

— N.

(3) Fo r every job A ,B ,~
’,. .R we want to accept at most NA , 

N8,

N
R 

respe’cti ve lv . So in this case we assume N
A
+N

B+NC+ - - .+Ng )N.

Before we f ind optimal decis ion procedure for the above s itua tions

we should notice that (3) Is the most general one . In situation (3) if

we have the additional condition that N
A

N
B
N
C 

, . .  N~, — N then (3)

specializes to (1). If N
A

+N
B
+... +N

R 
— N then we can also see (3)

spec ializes to (2). In the following we will consider situation (3)

f irst and discuss situations (1) and (2) in the corollary at the end

of this section .

Before we develop an optimal decision procedure for situation (3)

we need some def initions and preliminary results.

We can illustrate situation (3) as follows 

1 . . .  

C 

- ...
circles N

8 
circles N

A 
c ircles

where A ,B,C... are job categories , and time number of circles

under each job is the number of openings for that job category. When

we assign ~mn ~m pp l leant to a job we put his nun-il-icr In the correspond ing

c i rc le .  For examp le , the  f o l l o w i n g  picture represents our assigning

- ---~~~
-
_ _ _

. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~
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app l i c a n t  I to  j ob  A , a~ep l ican ts 2 and I to job B.

... - .~ooj Q~®Lbo~i
By theorem (3) of the previous section and the assumption tha t

T(x1)” T(x2) ... >T(xN), we can see that an app licant with a hi gher score
should occupy a p o s i t i o n  to the r i g h t  of a lower score app licant. Timus ,

we will onl y consider assignments that satisfy this condition . The

following assignment satisfies this condition .

H D C B A

(000 10010 X~~~00@
Here we have 9 applicants and NA = 3, N8 

= 4, N~ = 2, ND 
3 and

N
H 

— 2.

We can also put index on the opening s in the Wa;’ that openings in

job A have index 1,2,. ..NA and openings for job B have index NA+l , . .  .N
A
+N

B

respectively.

After assignment of all applicants we need the following def inition .

Definition Chain is a set of consecutive app licants such that the

highest scoring app licant in the set occupies the first opening of the

job he got. All the job openings between the one occup ied by the

highest score and the one occupied by the lowest score (in the chain) are

all oc cup ied by time members of time chain. And there are still opening(s)

for liii’ lot, lIm.iL t lmt ’ i owe’si scored ipp i Ic.iimt Itt t ime ’ eii;x In got . Also ,

there arc still opening(s) for the job just to the right of the

opening(s) the hig hest scoring app licant got , if there are any .

-‘
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For example , in the above picture , applicant 1 is a chain and the

set of app licants 2 ,3 ,4,5,6,7,8 is also a chain.

From the above definition , we can have the following lenmma .

Le’mumna .‘ Sit ~~~ se we ’ lx.ive time’ opt i na I ass I gnmoim I of app I t(’ant s I , 2 , . . . N.
Let the hig hest scor ing  app l i c a m m t  in a cha in be i+l~~ applicant. We

assume there are K app l i c a n t s  in time chain occupying v+l , v+2 ,,. .v+k

indexed pos i t i on .  I f  we move j+l ., j +2 , . . . j +Z  (where i + l <j + 1 < j 4 t < i + k ,

i.e. all are in the chain) from positions v+l , v+2 , ... v+9. to positions
v—n+l , v-n~ 2 , . . .  v-n+;’ (where n is any positive integer), then the

the total expected utility will decrease.

Proof : We first show that we shift 1+1, i+2 , . . .  i+t applicants from

v+l, v+2 , .. .v+t to v+n+l , v+n+2 , .,. v+n+f then the total expected
utility will decrease or not change.

When i+l, i+2,.,.l+f applicants shift from v+1, v+2 ,...v+f to v ,

v+l,.. .v+i—l we can see the total expected utility will reduce or not

change because before the shift we already have optimal assignment.

Now 1+2, i+3,. . ,i+f occupy positions v+l, v+2 ,. . .v+L—l , respectively.

By theorem 2 of the previous section if we shift applicant 1+1,

i+2,...i+t—l from positions v+1, v+2 ,. ..v+f—l to v ,v+l,..,v+L—2 the total

expected value will decrease or not change. We can see that shifting

applicants i+2, i+3,.. .i+L from v+1, v+2 ,.. .v+t—l to v , v+l ,,. . .v+f—2 will

reduce or not change total expected utility.

For those who occupy positions (note we only consider applicants

1+1, i+2,. . .i+k) less than v-fl we don ’t consider them because the more

to the right the less expected utility we wil l, get from them .

_______________ I -

.~J

~ ~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~ 
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Simi larly ,  if we move 1+3 , 1+4 ,.. - i-t~ f r om v+l , vf2 , . . .v+f—2
openings one pos i t ion  to time right the total m’xpe ’e-ted utilit y will not

increase. Thus, we can see that mov ing 1+1 , 1+2 ,... i+t from posit tons

v+l , v+2 , . - . v-f te l  v+] — ix , v+2—n , - . - v+i1 —ix  w i l l  nei l , iimcre,ise out’  t cit  .11

expected utility.

Next we consider moving j+l , j+2,. ..j+u applicants from v+l , v+2 ,...

v+t to positions v—n+l , v—n+2 ,... v—n+i. By the above result and

Theorem 2 of time previous section we can see this action will not

increase the total expected utility.

Now we ar e read y to show optimal dec is ion proc edu re for situat ion

(3). The proc edure is as follows:

We arrange the app licants according to their test scores and start

from the first person (who has the highest score) then the second ,

third , etc.. - until the one who has the lowest test score using the

follow ing ass ign ing algor ithm . We consider ith applicant with test score

T(x
1
) (11 ,2,.. .N).

(1) assign the a p p l i c a n t  to the job that gives highest expec ted

utility.

(ii) if the job in (i) is filled (i.e., filled by some people who

have higher test scores than T(xi)), then assign i to the same job as

(i—l)th app licant.

(iii) if the job In (ii) is also filled we have to consider two

possible ways: (1) assign I to the next job opening that has lower

marginal utility than the job (i—i) app licant was assigned or (2) assign

i to the same job as (i—i) app licant , bu t now this job accepts more

app licants than Its limit . Thus , we shift all applicants in the chain

A_ _  
_ _ _ _

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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i t - i t  c-on t tins (1—i t h app I leant one PO~; it Ion t m e  t lie’ right - From t i ic ’ ’ ue ~

two wa v s  we no I e’~’ t t he on, ’ t h at  l i t  s lxi g im er exp e ’e t c’d u t I l i t y

The ,mho ~’ e’ dcc is Ion p r~ee ’e’dure I s  opt Im,’i 1 sine-c:

When (1) I t i m e ’  we 0 t n  c -c  x m m c c i  i , i  t c i v WC~ h,ivc’ ,i •;-; I gned app i 1, - , m ~~t

1 i—i , i opt ( m m  1 i v  bc ’m ’, iii ~ ,’ we’ ,oo; Iguesi app I ic ’ .m,m( I , 2 , . — — i—I and

I optlmaflv.

To cons ide r  ( r I) we have’ to compare the ass igwnent that sat 1sf tes

the cond it ion t h at  an app  1 (cant with a it igher scor e ’ sh ou ld occupy a

posit ion on the r [g u t  - (‘l ix i s  Is a n o t h e r  way ot ‘xp x e’ss ing Theorem 2 in

the previous section),

We know .xpp i icant I his t o  occupy an opening at leas t  to the

righ t of tim e opening  we o r i g i n a l l y  ass i gned , e)r the new assignment

will not increase our total expected utilit y .

Let the new arrangement satisf y time above conditions, We will

shift our origina l arrangement In steps to the new arrangement such

that each step our total expected utility will not increase. And

thus our originall y assignment has highest expected utilit y.

We first shift time last chain in our origina l arrangement one

position to the right. By (2) In Lemma 2, our total expected utility

will not increase (note ith app licant does not change job, althoug h

he changes open ings). Now we shift this chain to the right until ith

applicant occupies the same position as a new arrangement .

~verv shift , by (1~ in Lnmm~ 7, wIll not Increase total expected

utility. We now shift all except I to the right until I—lth app lican t

occupies the position in the new arrangement. We now move

app1 Icamits In time iu~ t chain , oxe- ept 1—I and I t o  the right until 

-- ‘ - _ _ _
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i—2 th applicant occupies t i-ic positions in the new arrangement and

each step will not increase our total e’xIee’ct e’d utility , thus (ii)

gets the highest e’xpected utility.

It can be shown t hat (iii) is opt ima 1 I’v e’x.u- t 1 y t he’ same’ was

as in (ii).

Corollary:

(1) For a quo ta f ree  si tua t ion , the optima l dec ision procedure Is

to assign each app licant to the job that gives highest expec ted

utility.

(2) For situation (2), the opt ima l decision procedure is to assign

app licant I ,2 ,... NA to job A , NA+i , NA+2 , ~~~
.. N

A+N B to job

B ,..., and the last NR app licants to job R.

The above corollary is a direct result of our previous decis ion

pro cedure.

: 1 -  

_ _ _  
_ _  

_ _

___ ~~~~-
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Selections Considering App lica nt ’s Preference

In this part , we take applicant ’s preference into consideration .

Suppose we have two jobs and N app l i c a n t s .  Every ap p l i c a n t  s ta tes

which job he prefers. Let these two jobs be A and B and each has

and n
5 openings. We further assume + n

B N and the decision

maker know each applicant ’s preference between jobs A and B. A

decision maker assigns each app licant to either job A or B but not

both

Let U
1(O) and U

2
(O) satisfy:

U1(e) U
2
(e) (2)

U1
’(O) > u2’(o) (3)

L 

Now we define utility functions. Suppose ith applicant prefers

job A to B. We assume

UiA (O)

U1B
( O ) — U2(O)

where UiA
(O) and U 1B(O) are the utility function if we assign the

ith applicant to jobs A and B respectively .

Similarly, if jth applicant prefers job B to A , then

U (O) — u2(O)

UjB(O) — u1
(O)

Every applicant will have higher utility if we assign him to the job

be perferred. Thus assumption (2) is very reasonable. We will see

the case when (3) is not true later in this part.

____ ~~1 ~~~~~~~ ~~~~~~~~~~~~~~~~~~ ~~ —e ~~-c— -’
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A trivial special case is when — n~ — N , then we assign

every applicant to the job he prefers.

Under the assumptions , the decision procedure that will maximize

the total sum of expected utility is as follows :

Arrange the applicants according to T(x
1) 

-‘ T(x
2) . . .  > T(x ).

Starting from the first to the last applicant , assign each (say

ith) applicant to the job he preferred , if there is no opening for

that job (say already filled by 1, 2, 3 .,. i — 1 applicant) then

assign him to the other job.

Next we prove the above algorithm max imizes time total expected utilit y.

Suppose at the’ end job A still has openings , then we cannot move any

app l i can t s  from job  B to A. Those in job B prefer job B to A , (or they

will be in ~oh A), thus mov ing them to A will not increase our total C

expected utilit y . When job B still has openings we can prove optimnality

in the same way.

Nex t suppose we assign to job A and k to job B, we show

— exchange of jobs between j and k will not increase our total expected

utility. Without loss of generality we assume T(x~) > T(x
k

) ,  and

thus 3 applicant prefers job A to job B. If k app lican t prefers

job B to job A , then j and k are happy and we should not exchange

their jobs.

If k app licant also prefers job A to B then U3A
(O) — U kA(o) —

U
1
(O) and (0) — Ukg (O) — U2(0). By Theorem 2, we have

VA (T(x j ))  + V B (T(x k
))  ‘~ V

A
( T (x

k
))  + V

8
(T( x~ ))  
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Thus exchange 3 arid k’s job will not Incre~a’~c to tal expected

utilit y - Thus We’ have’ optima l decision procedure .

i t  We’ ,tSSmmflle ’ U
1 

t, i ’)  .mti d L I 
-
) ( ) sat 1st v

(2)

II ,’ (0) U
1
’ (e) (3)’

and when I prefers job A to 13 then U~~ (it) U 1
(~
) and U18(O) — 

1)
2
(0).

Then time optimal decision procedure is as follows : Arrange

1(x
1) r(x ,) * . . 1(x), but now starting from Nth applicant (the

one who has lowest test score) till the first applicant , assign any

app licant to the lob he preferred , if no opening there then assign

him to the’ other job. The proof is the same as previous case.

In this case we honored lower score applicants first. This

may not be acceptable in most of the real world cases ,

Another situation Is that Ui
’(O) — U2 (0),i.e. U 1(t~

’) and t1
2

(tl
~ 

eliffer

by a constant. Optima l decision procedure is started from any one

applicant (each time arbitrary choose next applicant), if the job

he preferred still has opening assign him to there if no opening,

assign him to the other job. We can see in this case a lot of arrange-

ments have maximum expected utility . 
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Table 1. The expected utilities for selection for two sample sizes at

the various points of the test scores.

Expected Uti 1it_i~~

Score n 105 n~~ 10

0 0.057 0.457
2 0.081 0.471
4 0.112 0.488
6 0.154 0.507
8 0.206 0.529
10 0.269 0.555
12 0.342 0.585
14 0 .422  0,618
16 0.507 0.653
18 0.591 0.689
20 0.672 0.723
22 0.744 0.752
24 0.807 0.773
26 0.859 0.788
23 0.899 0.796
30 0.930 0.800
32 0.952 0.800
34 0.968 0.799
36 0.979 0.796

L 
_ _ _ _ _
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T.~b l e  2. Time cxpe ’c tc d  u t i l i t i e s  and the d i f f e r e n c e s  of three normal
u t i l i t i t ~s

Expected U t i l i t i e s  D i f f e r e n ce

Score 
~A 

(y) 
~B 

1)~ (y) U
A ~~ — U~ ( y) ~~~~~~ — ( v )

0 0.070 0,239 0.333 —0.169 -0.094

2 0.088 0,263 0,353 —0.176 —0.090

4 0.109 0.289 0.373 —0. 180 —0.084

6 0.134 0.316 0.394 —0.182 —0.078

8 0.164 0.344 0.415 —0.181 —0.071

10 0.197 0.37 6 0.437 -0.176 -0.063

12 0.236 0.404 0 .458 —0.168 —0 .055

14 0.278 0.434 0.480 —0.157 —0.046

16 0.324 0.466 0.502 —0.142 —0.036

18 0.373 0.498 0.524 —0.125 —0.026

20 0.424 0.528 0.545 —0.105 — 0.017

-~~~ 0.476 0,560 0.567 —0.083 — 0.007

2 ’. 0.529 0.591 0.588 —0.061 0.002

0.582 0.621 0.609 —0.0 39 0.011

25 0.632 0 .650 ‘0.630 -0.018 0 .020

0.680 0.679 0.651 0.002 0.028

31 0.725 0. 706 0.670 0.019 0.036

~ . o.76f, 0. 732 0.690 0.034 0.043

0.303 0 .7 5 7  0.709 0.046 0.04 9 

_ -~~-—-.~~~
-- ~~~~~~~~~~~~~~~~~~~~~ ~ 
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5 ?‘rso~~~ 1 ~ Tr~~i r m i r ~~ R~’search Progr~~~s 1 A .  A.  ~JOHOLM
(Code ~53) TECH. SUPPORT , CODE 201

O f f ice of ~av~:l Research HAVY PERSOUNEL R& D CFNTER
Arl ing tcn , VA 2227 7 SAN DIEGO , CA 92152

P sy~~ c :og ist  1 M r .  Robert  ~n ith
~.‘FFIcE OF ~AVA L RESEARCH BRANCH Office of Chief of Naval Cper~~t ions
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P~ ycho1og i~ t 1 Dr. Al fred F. an od e
C~ B Branch Off’ice Training Az~alysis & Evaluation Group1’-~~’ East Green Street (TAEG)
Pas~’dcna , CA 91101 Dept . of the Navy

Orlando , FL 32813
Scientific Direc tor
Office of Naval Research 1 Dr. Richard Sorensen
Scientific Liaison Group/Tokyo Navy Personnel R&D Center
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APO San Francisco , CA 96503

I COR Charles J. Theisen, JR. HSC, USN
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Navy Army

,1 W. Gary Thomson 1 Technical Director
Naval Ocean Systems Center Ii. S. Army Research Institute for the
Code 7132 Behav ioral and Social Sciences
San Diego, CA 92152 5001 Eisenhower Avenue

Alexandria , VA 22333
Dr. Ronald Weitvaan
Department of Administrative Sciences 1 HQ USAREUE & 7th Army
U. S. Naval Postgraduate School CDCSOPS
Monterey , CA 939110 USAAREUE Director of GED

APO New York 09403
DR. MARTIN F. WISKOFF
NAVY PERSONNEL R& D CENTER 1 DR. RALPH DUSEK
SAN DIEGO, CA 92152 U.S.  ARMY RESEARCH INSTITUT E

5001 EISENHOWER AVENUE
ALEXANDRIA , VA 22333

1 Dr. Nyron Fischl
U.S. Army Research Institute for the

Social and Behav ioral Sc iences
5001 Eisenhower Avenue
Alexandria , VA 22333

1 Dr. Beatrice J. Farr
Army Research Institute (PERI—OK)
5001 Eisenhower Avenue

• Alexand ri—~, VA 22333

1 Dr. Hilt Maicr
U.S. ARMY RESEARCH INSTITUTE
5001 EISENHOWER AVENUE

-: ALEXANDRIA , VA 22333

1 Dr. Harold F. O’Neil , Jr.
ATTh: PERI—OK
5001 EISENHOWER AVENUE
ALEXA NDRIA , VA 22333

1 Dr. Robert Ross
U.S. Army Research Institute for the

Social and Beh~.v ioral Sciences
5001 Eisenhower Avenue
Alexandri a , VA 22333

1 Dr. Robert Sa smor
U. S. Army Research Institute for the

Behavioral and Social Sciences
5001 Eisenhower Avenue
Alexandria , VA 22333
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A ir Force Mar ines

- 1 Dr. Marty Rockway (AFHRL/TT) 1 H. William Greenup
Lowr y AFB Education Advisor (E031)
Colorado 30230 Education Center , MCDEC

Quantico , VA 221314
1 Jack A. Thorpe, Capt , USAF

Program Manager 1 Director , Office of Manpower Utilization
Life Sciunces Directorate HQ, Marine Corps ( MPU )
AFOSR BCB , Bldg . 2009
Selling AFB, DC 20332 Quantico , VA 22134

1 Brian K. Waters, LCOL, USAF 1 DR. A.L . SLAFKOSKY
Air University SCIENTIFIC ADVISOR (CODE RD— i )
Maxwell AFB HQ, U.S. MARINE CORPS
Montgomery, AL 36112 WASHINGT ON, DC 20380 
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CoastGuard Other ~~D

Mr. Richard Lanterman 12 De fense Docunentation Center
PSYCHOLOGICAL RESEARCH (G—P—1/62) Cameron Station , Dldg. 5
U.S. COAST GUARD HQ Alexandr ij , VA 223 14
WASHI N GTO N , DC 20590 Attn : TC

Dr.  Thomas Warm 1 Dr. Dexter Fletcher
U. 0. Coast Guard Institute ADVA NCED RESEARCU PROJECTS AGENCY
P. 0. Substation 1~3 1L 00 .41L50U BLVD.
Oklaho ma C i t y ,  OK 731~ -) ARLINGTON , VA 22209

1 Dr. William Sruham
Testing Directorate
f-1EPC CII
Ft. Sheridan , IL 60037

1 1-l i l i tary Ass istant for Tra ining and
Personnel Technology

Office of the Under Secretary of Defense
for Research & Engineering

Room 3D129, The Pentagon
- Washington , DC 2C301

1 MAJOR Wayne Sellanan , USAF
Office of the Assistant Secretary

of Defense (MRA&L)
3B930 The Pentagon
Washington , DC 20301 
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• 1 Dr. Susan Chipnan 1 Dr. Thomas G. Sticht
Basic Skills Program Basic Skills Program
National Institute of Education National Institute of’ Educat ion
1200 19th Street NW 1200 19th Street NW
Washington , DC 20208 Washington , DC 20208

Dr. William Gorham , Director 1 Dr. Vern W . Urry
Personnel R&D Center Personnel R&D Center
Off ice of Personnel Managment Off ice of Personnel Managment
1900 E Street NW 1900 E Street NW
Washington , DC 20415 Washington , DC 201415

Dr. Joseph I . Lipso n 1 Dr. Frank Withrow
Division of Science Educat ion U . S. Office of Education
Room W—63~3 1400 6th Street SW
National Science Foundation Washington , DC 20202
Washington , DC 20550

1 Dr. Joseph L. Young , Director
Dr. John Mays Memory & Cognitive Processes
National Institute of Education National Sci ence Foundation
1200 19th Street NI-I Washington , DC 20550
Washington , DC 20208

Dr. Arthur Melmed
National Intitute of Education
1200 19th Street NIl
Washin gton , DC 20208

Dr. Andrew R. Molnar
Science Ed ucat ion Dev .

and Research
N ational  Science Foundation
Washington , DC 20550

Dr .  Lalitha P. Sanathanan
Environnental Impact Studies Division
Argonne National Laboratory
9700 S. Cass Av enue
Ar gonne , IL 60439

Dr.  Je f f rey  Schiller
N ational Ins t i tu te  of Educat ion
1200 19th St. NW

Washington , DC 20203
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Dr . f . r l  .‘~. ‘11 l u i n i  1 ~r . Rub en I r u e s n ,n
~. s \ FH RL (AF 3 C) teier i ~ ii Ccl lo~ t’ 1~~ .t- i n~, Program s

[‘rooks AFP , TX ?J0” I’. C ’ . lox ft ~
~~~~ City , I ~.

Dr . Cr -i ir~~ [3. Andcr’~’on
Un i v cr s i  ty of Cop lh.4!.cn 1 ‘h . C. V IC10R BUF ER~ C’~

a ! 1~~’~tr ?d t l.!CA T INC .
~~~~~~~~~ UN I V E I ~S 1TY I’l.t ~. iA , ~U I T E 10
D~~[~~AR K I l i D  00. O I i ~TE ST.

CRF9 , UT l4~~~7
1 psycholo~~ic.r[ resaarch u n i t
Dept. of Fe tense (\rmy Office) 1 Dr. John 1:. Carroll
Caripb~ ll Park Offices Psychorictric Lab
C inberra ACT 2600 , A u s t r a l i a  U n i v .  of No. Carolina

Duvie Hall 013A
Dr . ~1 an l3addeley Chape l Hill , NC .‘75 114
fledic nl Research Council

Appl ied Psychology Unit 1 Charles tyers Library
15 Chaucer Road Liv ingstorle Noun ’
Ca~ibr1dge CR? 2EF Livingatont - Hoad
ENGLAND Stratford

London F15 2LJ
Dr. isa er Pejar ENGLAND

~Jucational T~sting Service
Princeto n , NJ r hiSO 1 D r .  John Cli lor ini

Litton—Nellonics
Dr. Warner l3irice box 1266
Otreitkraefteain t Sprin~;field , VA 00151
Ro senberg 5~ OO
Bonn , West Germ any D.-5300 1 Dr. Kenneth E. Clark

College of Arts & Sciences
Dr. R. Darrcl Bock University of Rochester
Departi~ent of Education Riv er Campus Station
U n i v e r s i t y  of Chi cago Rochester , NY 114(27
Chicago , IL 60637

1 Dr. Norman Cliff
Dr. Nicholas A. Bond Dept. of Psychology
Dept. of Psychology Univ . of So. California
sacramento State College University Park
f~PD Jay Street Los Angeles , CA 90007
Sacramcnto , CA 95319

1 Dr. Willi am ~off l na n
Dr. David G. Bowers Iowa Testing Programs
Institute for Social Research University of Iowa
U n i v e r s i t y  of’ M ich igan  Iowa C i ty ,  IA 52040
Ann Ar bor , t ’I 48106
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Non Gov t Non Govt

1 Dr . tIered ith Crawford 1 Dr. Edwin A. Fleishm0n
Department of Engineering Administration Advanced Research Resources Organ .
George Washing ton University SuIte 900
Suite 805 4330 East West Highwa y
21 01 L Street N. W . Washington , DC 20014
Was hington , DC 20037

1 Dr .  John 8. Freder i ksen
1 Dr .  Hans Cronbag Bolt. Beranek & Newnan

Ed ucat ion Research Center 50 Moul ton Street
F U n i v e r s i t y  of Leyden Cambridge , HA 02138

Boerhaave laan  2
Leyden 1 DR.  ROBERT GLASER
Th~ NET HERLA NDS LR DC

UNIVE RSITY OF PITTSBURGH
1 Dr. ~nmanu el  Donch ln 3939 O ’HARA STREET

Department of Psychology PITTSBURGH , PA 15213
University of ’ Illinois
Champaign , IL 61820 1 Dr. Ross Greene

CTB/McGraw Hill
1 MAJOR I . N.  EV ON IC Del Monte Research Park

CANADIAN FORCES PERS. APPLIED RESEARCH Ilonterey, CA 939140
- 

- 1107 AVENUE ROAD
-

- t TORONTO , ONTARIO , CANADA 1 Dr. Alan Gross
Center  for AJvan ced Study in Educat ion

1 Dr . Leonard Feldt City University of New York
Lin~iquist Center for Neasurment flew York , NY 10036
University of Iowa
Iowa City. TA 522142 1 Dr. Ron tlunibleton

School of Ed ucation
1 Dr. Richard L. Ferguson University of flassechusetts

The American College Testing Program Amherst , I~A 010D2
P. O.  Box 168
Iowa City, IA 522140 1 Dr. Ch~ ster Harris

School of E~1ucat ion
1 Dr . Victor Fields University of California

Dept . of ’ Psychology Oanta Barbara , CA 93106
r tontgo m ery College
Roekvillc , MD 2085D 1 Dr. Lloyd Humip hreys

rrpartricnt of Psyc hology
1 Dr. Gerhardt Fischer University of I l l i n o i s

Liebi~ asse 5 Cha mp a ign , IL 6 1~ ?0
Vienna 1010
Austria 1 Libr~-ryF~u ’nl~R O/W cs te r n  Div i s ion

1 Dr. Donald Fitzgerald ‘7-R 5 7 B er w i c k  Drive
University of flew Engi~nd C-irmel , CA 9392 1
Armidale , New South Wales 2351
AUSTRALI A
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Non Gov t Non Govt

1 Dr.  Steven H u n k o  1 Faculteit Sociale Wetenschappen
[‘epart~it~nt of E~1ucat ion Rijksuniversiteit Groningen
University of Alberta ~.md e Boteringestraat
Edmonton , P.lberta Groningen
CA N ADA CET HE RLA N DS

1 Dr . Earl Hunt 1 Dr. Robert Linn
Dept . of Psychology college of Education
Un ivtrsity of Washington University of I l l i n o i s
Seattle , WA 93 105 Urbana , IL 6180 1

1 r)r . Huyn h Huynh 1 Dr. Frederick M. Lord
Department of Ed ucation Educational Testing Service
Un iversity of South Carolina Princeton , NJ 03540
Coluab ia , SC 29?09

1 Dr. Gary t arco
1 flr . Curl J. Jensema Educational Testing Service

Gal].~udet College Princeton , N J O~’450
!“.endail Green
Washington , DC 20002 1 Dr. Scott Maxwell

Department of Psychology
1 Dr .  Arnold F. M a n a r i c k  U n i v e r s i t y  of Housto n

Honeywell , Inc. Houston , TX 77025
2f~OO Ridgeway Pkwy
P’inneapolis , MN 55413 1 Dr. Sam Mayo

Loyola Univers ity of’ Chicago
1 Dr . John A. Keats chicago , XL 60601

University of Newcastle
Newcastle , New South ~‘~a1es 1 Dr. James A. Paulson
AUSTRALIA Portland State University

P.O. Box 751
1 Mr . Marlin Kroger Portland, OR 97207

111 7 Via Goleta
Pal os Ver des Estates , CA 90274 1 MR. LUIGI PETRULLO

21431 N. EDGEWOO D STREET
1 LCOL. C.R.J. LAFLEUR ARLINGTON , VA 22207

PERSONNEL APPLIED RESEARCH
NATIONAL DEFENSE HQS 1 DR. STEVEN N. PINE
101 COLONEL BY DRIVE 4950 Douglas Avenue
OTTAWA , CANADA K1A 0K2 Golden Valley , MN 554 16

1 Dr . Michael Levine 1 DR. DIANE N . RAMSEY—KLEE
Department of Educational Psychology R—K RESEARCH & SYSTEM DESIGN
Un iversity of Illinois 3947 RIDGEMONT DRIVE
Champaign , IL 61820 MALIBU , CA 90265
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Non Govt Non Govt

- 1 MIN. RET. N. RAUCH 1 PROF . FUIIIKO SAI-IEJIMA
P I I  LI DEPT . OF PSYCHOLOGY
BUNDESNINISTERIUM DER VERTEIDIGUNG UNIVERSITY OF TENNESSEE
POSTFACH 161 KNOXVILLE , TN 379 16
53 BONN 1 , GER M ANY

1 Dr . Kazao Shigemasu
1 Dr. Peter B. Read University of Tohoku

Social Science Research Council Department of Educational Psychology
605 Third Avenue Kawauchi , Sendai 982
New Yor k, NY 10016 JAPA N

1 Dr. Mark D. Reckase 1 Dr .  Richard Snow
Educational Psychology Dept. School of Education
Univcrsity of Missouri—Colunbia Stanford University
12 Hill Hall Stanford , CA 94305
Colunbia , MO 65201

1 Dr. Rober t Sternberg
1 Dr. Andrew N. Rose Dept. of Psychology

American Institutes for Research Yule University
1055 Thomas Jefferson St. NW Box h A , Yale Station
Washington , DC 20007 New :1;iven , CT 06520

- 1 Dr. Leonard L. Rosenbaurn, Chairman 1 DR. PATRICK SUPPES
Department of Psyc~o1ogy INSTITUT E FOR MATHEMATICAL STUDIES IN
~iontgomery College TUE SOC IAL SCIENCES
Rockvi lle , MD 20850 STA NFORD UNIVERSITY

STAN FORD , CA 94305
1 Dr. Ernst 1. Rothkopf

Fell Laboratories 1 Dr. Hariharan Swaminathan
500 Mounta in  Avenue Laboratory of Psychometric and
Murray lu ll , NJ 079711 Evaluation Research

School of Ed ucat ion
1 Dr. Donald Rub in University of Massachusetts

Ed ucat ional  Testing Service A mh e r s t , N A 0 1003
Princeton , NJ 08450

1 D r .  Hrad Syrn pson
1 Dr .  Larry Rudner Of f i ce  of Data Analysis Research

Gallaudet College Education-il Testing Service
Kendall Green Princeton , N J 03541
Washington , DC 20002

1 ‘)r . Kikum i Tatsuoka
1 Dr. J. Ryan Computer Dased Education Research

Department of Ed ucation Laboratory
University of South Carolina 252 Engineering Research Laboratory
Columbia , SC 29208 Un iv~raity of Illinois

Urbana , IL 61801
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Non Gov L Non Govt

1 Dr . Maur ice T-atsuoka 1 Dr. J. Ar thur  idoodward
Department of Educ~.tion~ l Psychology Department of Psychology
University of illinois University of Culifornia
Champaign , IL 61~’01 Los An geles , CA 90024

1 Dr . David Thissen 1 Dr. Robert Woud
Department of Psyc hology School Examination Department
University of Kansas University of London
L~wren:e , KS 66044 (5—72 Gower Street

London WCIE 6EE
1 D r .  Robert  Tsutakawa ENGLAND

Dept . of Statistics
U n i v e r s i t y  of MIssour i 1 Dr . Karl  Z inn
Columbia , NO 65201 Center for research on Learning

and Teaching
1 Dr .  J. Uhianer University of ?~ichigan

Perceptronics , Inc. Ann Arbor , NI LI~ 104
6271 Variel Avenue
Woodland Hi l l s , CA 91364

1 Dr .  Ho ward Wainer
F.ureau of Social SCience Research
1990 1 Street, N. H.
Washington , DC 20036

1 DR. THOMAS t4ALLSTEN
PSYCHOM ETRIC LABORATORY
DAVIE H~LL 013AUUIVERSITY OF NORTH CAROL
CHAPEL HILL, NC 27514

I Dr. Dav id J. We iss
N660 El l iott Hall
Univers i ty of’ Minnesota
75 E. River Road
Minneapolis , MN 551155

1 DR. SUSAN E. WHITELY
PSYCHOLOGY DEPARTMENT
UNIVERSITY OF KA NSAS
LAWRENCE , KA NSAS 66044

1 Dr . Wolfgang Wildgrube
Streitkraefteamt
Rosenberg 5300
Bonn, West Germany D—5300




